
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Nov. 2005, p. 4508–4514 Vol. 49, No. 11
0066-4804/05/$08.00�0 doi:10.1128/AAC.49.11.4508–4514.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Randomized, Placebo-Controlled Trial of Nonpegylated and Pegylated
Forms of Recombinant Human Alpha Interferon 2a for Suppression

of Dengue Virus Viremia in Rhesus Monkeys
C. Ajariyakhajorn,1 M. P. Mammen, Jr.,1 T. P. Endy,2 M. Gettayacamin,1 A. Nisalak,1

S. Nimmannitya,3 and D. H. Libraty4*
United States Army Medical Component, Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand1; Walter Reed

Army Institute of Research, Washington, D.C.2; Queen Sirikit National Institute of Child Health, Bangkok, Thailand3; and
Center for Infectious Disease and Vaccine Research, University of Massachusetts Medical School,

Worcester, Massachusetts4

Received 6 June 2005/Returned for modification 15 July 2005/Accepted 16 August 2005

Dengue fever and dengue hemorrhagic fever are caused by infection with any one of the four dengue viruses
(DVs) and are significant public health burdens throughout the tropics. Higher viremia levels are associated
with greater dengue disease severity. A therapeutic intervention to suppress viremia early in DV infection could
potentially ameliorate severe disease. Recombinant alpha interferon 2a (rIFN-�-2a, Roferon-A) suppressed DV
replication in human peripheral blood mononuclear cells in vitro. We therefore examined the effects of
rIFN-�-2a and pegylated recombinant IFN-�-2a (PEG-rIFN-�-2a, PEGASYS) on DV serotype 2 (DV-2)
viremia in rhesus monkeys. Flavivirus-naı̈ve monkeys were inoculated with DV-2 and randomized to receive a
single dose of rIFN-�-2a (10 million international units/m2) versus placebo or PEG-rIFN-�-2a (6 �g/kg) versus
placebo 1 day after the onset of viremia. Serial daily viremia levels were measured, and convalescent-phase
DV-2 neutralizing antibody titers were determined. Compared to placebo, a single injection of rIFN-�-2a
temporarily suppressed DV-2 replication and delayed the time to peak viremia by a median of 3 days. However,
measures of total viral burden were not different between the two groups. A single injection of PEG-rIFN-�-2a
significantly lowered daily viremia levels and improved virus clearance, starting 48 h after administration.
There were no significant differences in DV-2 neutralizing antibody titers between the treatment and placebo
groups at 30 and 90 days postinfection. Based on their individual effects, future studies should investigate a
combination of rIFN-�-2a and PEG-rIFN-�-2a for suppression of dengue virus viremia and as a potential
therapeutic intervention.

Dengue is an emerging arboviral disease caused by infection
with one of the dengue viruses (DVs), a group of four anti-
genically related mosquito-borne flaviviruses (18). A spectrum
of disease is recognized following DV infection, ranging from
asymptomatic or a self-limited mild febrile illness to classic
dengue fever to the most severe form of illness, dengue hem-
orrhagic fever. Dengue hemorrhagic fever is characterized by
the rapid development of plasma leakage and a hemorrhagic
diathesis around the time of defervescence and viremia reso-
lution. Morbidity and mortality are the result of hypotension
and shock, at times accompanied by severe disseminated in-
travascular coagulation and bleeding (33). Over 1 billion peo-
ple are at risk of infection and more than 100 countries have
endemic DV transmission. There are approximately 50 to 100
million cases of dengue fever and 250,000 to 500,000 cases of
dengue hemorrhagic fever annually in the world, and the inci-
dence is rising (13, 35, 43). During peak seasons and epidemic
years, hospitals and community health resources in the tropics
are often overwhelmed caring for the high number of severe
dengue cases, particularly among children (5). At the present
time, no specific intervention exists for the treatment of severe

dengue fever or dengue hemorrhagic fever. Close observation
and supportive care is the current mainstay of treatment.

Dengue hemorrhagic fever is associated with higher viral
burdens and viremia levels than dengue fever (25, 26, 39). Peak
levels of viremia occur during the febrile phase of illness and
well before the manifestations of dengue hemorrhagic fever
occur. Effective suppression of dengue virus viremia early in
illness could ameliorate the severity of DV infections, the mor-
bidity and mortality of dengue hemorrhagic fever and the bur-
den they place on limited hospital and other health resources
in developing countries.

Alpha interferon (IFN-�) is the predominant type I IFN, a
family of cytokines that were discovered by their ability to
render cells resistant to viral infection (21). There are 14 sub-
types of human IFN-�. Two recombinant forms, rIFN-�-2a
and rIFN-�-2b, are available for clinical use. rIFN-�-2a (Ro-
feron-A) has been used to treat chronic viral infections, such as
hepatitis B and C, but it requires frequent dosing (15). The in-
convenience of frequent repeated injections for the treatment of
chronic disorders led to attempts to develop long acting IFNs
which might be more convenient and efficacious. Pegylated rIFN-
�-2a (PEG-rIFN-�-2a, PEGASYS) is rIFN-�-2a modified by the
covalent conjugation of a 40-kDa branched methoxy-polyethylene
glycol (PEG) molecule. Pegylation decreases systemic clear-
ance of rIFN-�-2a and produced better clinical outcomes in
hepatitis C than nonpegylated rIFN-�-2a (17, 45).
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IFN-� can inhibit the replication of DVs and other related
flaviviruses in vitro (6, 16, 40). We were interested in studying
whether rIFN-�-2a or PEG-rIFN-�-2a could inhibit DV rep-
lication in vivo in a clinically relevant manner. There is no
animal model of dengue hemorrhagic fever. Nonhuman pri-
mates develop a measurable viremia after inoculation with
certain DV strains, but do not become ill (14). We studied the
ability of rIFN-�-2a and PEG-rIFN-�-2a to suppress dengue
virus viremia in rhesus monkeys when administered after the
onset of viremia and found that these rIFN-� preparations can
inhibit DV replication in vivo.

MATERIALS AND METHODS

Animals. Healthy adult colony-born rhesus monkeys (Macaca mulatta) of
Indian origin, free of neutralizing antibodies to DVs 1, 2, 3, and 4, and Japanese
encephalitis virus were selected for this investigation. All the animals were 4 to
10 years old, weighed between 5 and 10 kg, and were caged individually in a
double-screened modified outdoor housing facility. Tranquilization with ket-
amine (5 to 20 mg/kg, intramuscularly) was used for some animal manipulations
associated with physical examination and phlebotomy.

Monkeys were also trained for pole and collar restraining for obtaining 1-ml
blood samples from peripheral veins without anesthesia. The animal care and use
was conducted in compliance with the Animal Welfare Act and other Federal
statutes and regulations relating to animals and experiments involving animals,
and adheres to principles stated in the Guide for the Care and Use of Laboratory
Animals, 1996 edition. The two animal protocols were reviewed and approved by
the United States Army Medical Component, Armed Forces Research Institute
of Medical Sciences, Institutional Animal Care and Use Committee, and by the
Animal Use Review Division of the United States Army Medical Research and
Material Command. The United States Army Medical Component, Armed
Forces Research Institute of Medical Sciences, Animal Care and Use Program is
accredited by the Association for Assessment and Accreditation of Laboratory
Animal Care International.

Viruses, cells, and IFN-�. For the in vitro experiments, DV-2 strain 16681 was
used to infect human peripheral blood mononuclear cells (PBMC) obtained
from healthy volunteers. PBMC were isolated from heparinized whole blood by
Ficoll-Hypaque density centrifugation and maintained in cell culture with RPMI
medium plus 10% fetal calf serum. For infection of monkeys, DV-2 strain S16803
was used. The passage history of the DV-2 S16803 stock has been previously
described (8). The DV-2 stocks were titered by limiting dilution plaque assay on
LLC-MK2 cells (36). DV-2 S16803 plaque titers were determined within 4 weeks
prior to the inoculation, and residual virus was repeat titered postinoculation.
Vials of rIFN-�-2a (Roferon-A, Roche Laboratories) and PEG-rIFN-�-2a
(PEGASYS, Roche Laboratories) were reconstituted according to the manufac-
turer’s instructions. Animals in the placebo groups received normal saline solu-
tion.

Detection and quantification of DV-2. A qualitative, serotype-specific reverse
transcription (RT)-PCR assay (24) was used to identify the onset of viremia in
plasma collected daily from the monkeys. DV-2 RNA copies/ml in cell culture
supernatants and macaque plasma were quantified by a serotype-specific, flu-
orogenic RT-PCR assay, as previously described (19, 25). For quantification, all
samples were tested in triplicate and in a blinded fashion. Interassay precision
was determined by high-positive, low-positive, and negative controls. The lower
limit of quantification was 3.80 log10 DV-2 RNA copies/ml.

Neutralizing antibody assay. Plaque reduction neutralizing antibody titers
against reference strains of DVs 1 to 4 and Japanese encephalitis virus were
performed on LLC-MK2 cells by use of standard methods (36). The 50% plaque
reduction neutralizing antibody titer (PRNT50) was calculated using a log probit
regression method and reported as the reciprocal titer. A PRNT50 of �10 was
considered undetectable.

Nonhuman primate study designs. (i) rIFN-�-2a study. We randomized 24
monkeys into two groups, treatment (n � 12) and placebo (n � 12). All animals
had blood drawn 42 days prior to study entry and on study day 0 in order to
confirm that they had not been previously infected with DVs 1 to 4 or Japanese
encephalitis virus. All animals were pole and collar trained to allow daily veni-
puncture without anesthesia. On study day 0, all animals were inoculated sub-
cutaneously with 1 � 105 PFU DV-2 S16803. Plasma samples for DV-2 RT-PCR
were collected serially every morning for 14 days and then again on study day 20.
The onset of dengue virus viremia was monitored by the qualitative DV-2
RT-PCR assay on daily plasma samples; 24 h after viremia was first detected in

an animal, those in the treatment group were given a single subcutaneous injec-
tion of rIFN-�-2a (10 million international units [MIU]/m2). The placebo group
was injected subcutaneously with an equivalent volume of sterile normal saline
solution.

(ii) PEG-rIFN-�-2a study. Ten male monkeys were randomized into two
groups, treatment (n � 5) and placebo (n � 5). The study design was the same
as described above, except that the treatment group was injected subcutaneously
with PEG-rIFN-�-2a (6 �g/kg) 24 h after viremia was first detected. Also, serial
serum samples for DV-2 RT-PCR were collected daily for 20 days. Sera were
also collected on study days 30 and 90 for plaque reduction neutralizing antibody
titers.

Calculation of viral doubling time and elimination half-life. Viremia increased
in an exponential manner. The doubling time of DV-2 S16803 in individual
animals was estimated by the following equation: doubling time � ln 2/[(log
virusp–log virusf)/(study dayp � study dayf)], where log virusp is the log peak
viremia level, log virusf is the log of the first viremia level measured above the
lower limit of detection, study dayp is the day of peak viremia, and study dayf is
the day of first viremia level measured above the lower limit of detection.

After reaching a peak level, viral clearance followed either one or two phases
of single-order kinetics. The elimination half-life (t[1/2]) of DV-2 S16803 imme-
diately following peak viremia in individual animals was estimated by the fol-
lowing equation: t[1/2] � �ln 2/[(log viruse–log virusp)/(study daye � study dayp)],
where log viruse is the log of the viremia level at the end of the single-order
kinetic elimination phase (first phase after peak if there were two phases), and
study daye is the day of the viremia level at the end of the single-order kinetic
elimination phase (first phase after peak if there were two phases).

Statistical analysis. The SPSS software package (version 12.0) was used for
statistical analyses. For normally distributed variables, comparisons between two
groups were analyzed using Student’s t test. For nonnormally distributed vari-
ables, comparisons between two groups were analyzed using the nonparametric
Mann-Whitney U test. A P value of �0.05 was considered significant; 0.05 � P
� 0.10 was considered a nonsignificant trend.

RESULTS

In vitro inhibition of DV-2 replication by rIFN-�-2a. We
examined the effect of exogenous rIFN-�-2a on DV-2 replica-
tion in healthy donor PBMC. Following virus adsorption and
washing, rIFN-�-2a was added to DV-2 infected PBMC over a
dose range from 5 to 500 U/ml. rIFN-�-2a inhibited DV-2
replication in PBMC in a dose-dependent fashion (Fig. 1).
DV-2 supernatant titers decreased 100-fold with 50 U/ml
rIFN-�-2a, a concentration that is achieved in the serum of
adults receiving pharmacological doses of rIFN-� (1).

Effect of rIFN-�-2a on DV-2 viremia in nonhuman primates.
We next studied the in vivo effect of rIFN-�-2a in rhesus
monkeys following DV-2 infection. 24 flavivirus-naı̈ve monkeys
were inoculated subcutaneously with 105 PFU of DV-2 strain
S16803. As expected, none of the animals developed signs or
symptoms of illness during the course of the study. Viremia
began 2 to 5 days after DV-2 inoculation as measured by
RT-PCR.

In order to approximate the potential use of rIFN-�-2a in a
clinical setting, a single subcutaneous injection of 10 MIU/m2

rIFN-�-2a (n � 12) or placebo (n � 12) was given 1 day after
the onset of detectable viremia. The duration of viremia in all
animals ranged between 3 to 6 days. Time to peak viremia was
delayed by a median of 3 days in the rIFN-�-2a group com-
pared to placebo, and mean viremia levels were significantly
lower in the rIFN-�-2a group compared to placebo over the
third to fifth days of viremia (Fig. 2). However, mean peak
viremia levels (peak log DV-2 RNA copies/ml, rIFN-�-2a, 5.73
� 0.97, versus placebo, 5.40 � 0.56, mean � standard devia-
tion) and the areas under the concentration-time curve (AUC)
(rIFN-�-2a, 1.4 � 106 DV-2 RNA copies/ml/day, versus pla-
cebo, 5.7 � 105 DV-2 RNA copies/ml/day, median values)
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were not significantly different between the two groups. rIFN-
�-2a appeared to have a short-lived suppressive effect on DV-2
viremia. Repeated, frequent administration of rIFN-�-2a is
unlikely to be clinically feasible for treating dengue; therefore,
we next studied the use of a longer-acting form of rIFN-�-2a,
PEG-rIFN-�-2a.

Effect of PEG-rIFN-�-2a on DV-2 viremia in nonhuman
primates. Using the same design as in the earlier rIFN-�-2a
study, we examined the effect of a single injection of PEG-
rIFN-�-2a on rhesus monkeys with DV-2 infection. 10 flavivi-
rus-naı̈ve monkeys were inoculated subcutaneously with 1 �
105 to 3 � 105 PFU of DV-2 strain S16803. In this study, all the
animals had onset of viremia 1 day after virus inoculation, and
the virus doubling time was significantly faster than in the
previous monkey trial of rIFN-�-2a (DV-2 doubling time in
placebo treated animals, 0.7 days versus 1.3 days [median val-
ues], PEG-rIFN-�-2a and rIFN-�-2a trials, respectively, P �
0.03). The duration of viremia in all animals ranged between 4
and 9 days; 48 h after intervention, monkeys who received
PEG-rIFN-�-2a had mean daily viremia levels 0.6 to 1.4 logs
lower than placebo over the ensuing 4 days (Table 1). Viremia
levels decreased to undetectable levels subsequently in both
groups.

Due to the rapid rise of DV-2 viremia in these animals,
PEG-rIFN-�-2a or placebo was injected near peak levels of
viremia. As such, there were no significant differences in mean
peak viremia levels (peak log DV-2 RNA copies/ml: PEG-
rIFN-�-2a, 6.16 � 0.45, versus placebo, 6.39 � 0.37, mean �

standard deviation, P � 0.7) or AUC ((DV-2 RNA copies/ml)/
day: PEG-rIFN-�-2a, 2.6 � 106 versus placebo,5.9 � 106, me-
dian values, P � 0.2) between the two groups. In the placebo
group, viremia levels in 3/5 monkeys continued to increase
after intervention; whereas, viremia levels began to decrease
immediately in 5/5 monkeys after PEG-rIFN-�-2a injection.
After achieving peak viremia levels, the monkeys in the PEG-
rIFN-�-2a group cleared DV-2 more rapidly than the placebo
group (Fig. 3, nonsignificant trend).

Neutralizing antibody titers. In the PEG-rIFN-�-2a study,
plaque reduction neutralizing antibody titers to DV-2 were
determined on sera collected 30 and 90 days after DV-2 inoc-
ulation. All animals in the PEG-rIFN-�-2a and placebo groups
had detectable neutralizing antibodies against DV-2 on days 30
and 90. The PRNT50 values were not significantly different
between the PEG-rIFN-�-2a and placebo groups at either time
point (day 30 geometric mean PRNT50 1,282 versus 1,684,
PEG-rIFN-�-2a versus placebo, respectively, P � 0.3; day 90
geometric mean PRNT50 1,161 versus 1,281, PEG-rIFN-�-2a
versus placebo, respectively, P � 0.5).

DISCUSSION

Our data suggest that pharmacologic administration of
rIFN-� preparations early in illness has the potential to be a
useful therapeutic intervention for dengue. The antiviral ef-
fects of IFN-� have been well characterized, and IFN-� has an
established track record of therapeutic use in certain malig-

FIG. 1. In vitro effect of rIFN-�-2a on DV-2 replication in PBMC. Healthy donor PBMC (n � 3) were adsorbed with DV-2 16681 for 2 h at
a multiplicity of infection of 1, washed, and then cultured in medium with and without rIFN-�-2a. The virus titers in the cell culture supernatants
were measured over the next 3 days. Symbols: �, medium alone; ‚, rIFN-�-2a 5 U/ml; ■ , rIFN-�-2a 50 U/ml; E, rIFN-�-2a 500 U/ml. Values
are means � standard error of the mean. *, P � 0.05 compared to medium alone.
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nancies and chronic viral infections (12, 32). rIFN-� was shown
to inhibit DV replication in vitro when added before viral
infection to human, nonhuman primate, and mosquito cell
lines and primary human fibroblasts (6, 40). We have now
demonstrated that rIFN-� can inhibit DV replication in pri-
mary human PBMC when added after virus adsorption and
entry. Importantly, significant decreases in viral titers occurred
with clinically achievable concentrations of rIFN-a.

In the nonhuman primate model of dengue virus viremia,
our goal was to evaluate rIFN-� preparations in a manner that
would best approximate its practical use in a clinical setting.
Therefore, we gave the animals a single injection of the rIFN-�
preparation at a dose that has been used safely in humans (15),
and after viremia began. When given early after the onset of
viremia, a single injection of rIFN-�-2a was able to inhibit
DV-2 replication in vivo. Unfortunately, the antiviral effect was
temporary and only delayed the subsequent rise and clearance
of DV-2 in the monkeys. Pharmacokinetic studies of rIFN-�-2a
in healthy human volunteers have shown that IFN-�-2a
reaches maximal serum concentration in 7 to 12 h and then
rapidly declines with an elimination half-life of 3 to 8 h (1, 15).
Limited studies have found similar pharmacokinetics of
rIFN-� in nonhuman primates (30, 41, 42). Pharmacodynamic
studies of rIFN-�-2a in human volunteers have shown that
serum activity of 2	,5	-oligoadenylate synthetase, a marker of
IFN-� antiviral activity, reaches peak levels 24 h after treat-
ment and then rapidly declines (15, 28). The rapid absorption
but short half-life and antiviral effect of rIFN-�-2a were most
likely responsible for the rightward shift of the viremia curve in
rIFN-�-2a treated monkeys compared to placebo.

Although PEG-IFN-�-2a has a slower absorption rate than
rIFN-�-2a (Tmax � 80 h), it has a longer elimination half-life
(t[1/2] � 65 h). After a single dose of PEG-rIFN-�-2a in adult
volunteers, serum 2	,5	-oligoadenylate synthetase activity
reaches peak levels by 48 h and remains near peak levels for 1
week (31, 34). Supporting these pharmacodynamic data, in
monkeys, we observed improved viral clearance and signifi-
cantly lower daily viremia levels starting 48 h after PEG-rIFN-
�-2a injection compared to placebo.

Two factors hampered the ability of PEG-rIFN-�-2a to pro-
duce a significant decrease in peak viremia or total viral bur-
den. One was the slower absorption rate and longer time to
reach peak antiviral activity for pegylated versus nonpegylated
rIFN-�-2a. The second was the more rapid rise in viremia
following DV-2 inoculation in the monkeys used in the PEG-
rIFN-�-2a trial compared to the rIFN-�-2a trial. The reason
for the faster virus doubling time and higher peak viremia
levels in these animals is unclear. The ages, weights, and inoc-
ulation sites were comparable in both studies. No gender dif-
ferences in viremia were observed (data not shown). All ani-
mals were flavivirus-naı̈ve based on PRNT50 � 10 to DVs 1 to
4 and Japanese encephalitis virus from sera collected the day
of virus inoculation.

Using postinoculation plaque titers, the animals in the PEG-
rIFN-�-2a trial may have received up to 3 � 105 PFU of DV-2

FIG. 2. Effect of rIFN-�-2a on DV-2 viremia in rhesus monkeys.
We inoculated 24 flavivirus-naı̈ve monkeys subcutaneously with DV-2
S16803; 24 h after onset of viremia was detected by qualitative RT-
PCR, 12 animals were given a single subcutaneous injection of rIFN-
�-2a (10 MIU/m2), and 12 animals were given placebo. Daily plasma
viremia levels were measured by a quantitative, fluorogenic RT-PCR
assay. The dotted line represents the lower limit of detection. Symbols:
�, placebo group; F, treatment group, rIFN-�-2a 10 MIU/m2.1, time
when rIFN-�-2a or placebo was given. Day of viremia is numbered
consecutively from the first day viremia was detected by the qualitative
RT-PCR assay (day 1). Values are means � standard error of the
mean. *, P � 0.05, rIFN-�-2a group versus placebo.

TABLE 1. Daily viremia levels in PEG-rIFN-�-2a-treated and placebo-treated monkeysa

Groupb
Mean log10 DV-2 RNA copies/ml plasma � SD on day of viremia:

Day 1 Day 2c Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

PEG-rIFN-� 4.65 � 0.69 6.16 � 0.45 5.81 � 0.55 5.30 � 0.40 4.36 � 0.59 4.24 � 0.51 4.11 � 0.28 3.80 � 0d 3.88 � 0.19 3.80 � 0d

Placebo 4.88 � 0.36 6.17 � 0.34 6.15 � 0.53 5.93 � 0.39 5.76 � 0.45 5.06 � 0.91 4.93 � 0.95 4.15 � 0.52 3.87 � 0.17 3.80 � 0d

Pe 
0.20 
0.20 
0.20 0.04 0.009 0.17 0.07 
0.20 
0.20 
0.20

a Day of viremia is numbered consecutively from the first day viremia was detected by the qualitative RT-PCR assay (day 1).
b Five monkeys per group.
c PEG-rIFN-�-2a (6 �g/kg) or placebo was given after blood was collected on viremia day 2.
d Viremia level at or below the lower limit of detection.
e P for comparison between PEG-rIFN-�-2a group and placebo.
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instead of 105 PFU This potential difference in virus inoculum
is unlikely to explain the faster doubling time and nearly 1 log
higher peak viremia levels seen in these animals. By review of
the animal medical records, 75% of the monkeys in the rIFN-
�-2a trial were 
2 years beyond any prior vaccinations or
infections; the remaining 25% had received a malaria vaccine
1 year earlier. Whereas in the PEG-rIFN-�-2a trial, 70% of the
monkeys received a malaria vaccine 9 months prior to DV-2
inoculation, and the remaining 30% received a challenge with
Shigella bacteria 2 months prior to DV-2 inoculation. We do
not know if the shorter interval between prior immune stimu-
lation and DV-2 inoculation in the monkeys of the PEG-rIFN-
�-2a trial contributed to higher DV-2 doubling times and peak
levels. Activation of the immune system by immunizations to
unrelated antigens have been shown to transiently increase
human immunodeficiency virus type 1 viremia up to 1 month
later (37).

Both preparations of IFN-� demonstrated some in vivo in-
hibition of DV-2 replication when given after viremia began. A
combination of the rapid absorption and early antiviral effect
of rIFN-�-2a, and the sustained antiviral activity of PEG-rIFN-
�-2a, would have an excellent chance to significantly decrease
viral burden in treated individuals. Prospective studies of DV
infections in children have shown that viremia reaches peak
levels within the first 72 h of febrile illness (25, 26, 39), and that
higher peak viremia levels are associated with greater disease
severity (25, 39). Presentation and recognition of dengue dur-
ing this time period would allow early intervention, as reflected
in the two nonhuman primate trials here. The magnitude of
decrease in viremia produced by PEG-rIFN-�-2a was equiva-
lent to the difference in mean viremia levels seen between

dengue fever and dengue hemorrhagic fever (0.7 to 1.0 log
viral RNA copies/ml) (9, 25, 26). A nearly 1-log suppression of
dengue virus viremia by rIFN-�-2a plus PEG-rIFN-�-2a given
within the first 72 h of illness might stem the subsequent
immunological cascade that leads to hospitalized dengue fever
or dengue hemorrhagic fever.

As potential therapeutic agents, rIFN-�-2a and PEG-rIFN-
�-2a compare favorably to other antiviral compounds that have
been proposed for dengue. They have an excellent record of
clinical safety and tolerability in adults and children, especially
with short-term therapy (15, 22, 31). Delivering a parenteral
combination of rIFN-�-2a plus PEG-rIFN-�-2a at a single
outpatient visit is simple, practical, and likely to be an afford-
able and cost-effective approach in many dengue endemic
countries. Ribavirin can inhibit DV replication in vitro (20)
and has also been considered as a potential therapeutic agent
for dengue. However, a 10-day course of ribavirin beginning
one day before virus inoculation had no effect on DV-1 viremia
in rhesus monkeys (27).

While ribavirin monotherapy is unlikely to be successful in
rapidly suppressing dengue virus viremia, it might have a role
in combination therapy with rIFN-�, as has been seen with
treatment of hepatitis C (11). Amantadine has been reported
to inhibit DV replication in vitro (23). At the doses used to
inhibit DV, amantadine inhibits replication of several other
non-influenza A viruses due to its lysosomotropic effect (38).
In vivo efficacy has only been seen against influenza A virus
infections. Mycophenolic acid, an immunosuppressive agent
used in solid organ transplantation, has also been reported to
inhibit DV replication in human cell lines (7). Mycophenolic
acid and other T-cell immunosuppressive agents can inhibit

FIG. 3. Clearance of DV-2 in the plasma of monkeys after injection with PEG-rIFN-�-2a versus placebo. The elimination t[1/2] of circulating
DV-2 immediately following peak viremia levels was calculated for each animal, as described in the Materials and Methods section. Symbols: ‚,
placebo group (n � 5), �, treatment group, PEG-rIFN-�-2a 6 �g/kg (n � 5). Bars represent median values. *, P � 0.08, PEG-rIFN-�-2a group
versus placebo.
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several viruses in vitro (3, 4, 29, 44), but this activity has never
translated to in vivo efficacy with these agents (2, 10). Further-
more, the potential risks of using a T-cell immunosuppressive
agent in a predominantly pediatric population with an acute
systemic viral infection would be a significant concern.

Ours is only the second study in the published literature
examining an antiviral strategy in the nonhuman primate
model of dengue virus viremia and the first to demonstrate in
vivo inhibition of DV replication. Future studies should test a
single-dose combination of rIFN-�-2a and PEG-rIFN-�-2a in
nonhuman primates with dengue virus viremia and, if promis-
ing, move to trials in the clinical setting.
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